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摘 要 
I 
摘 要 
拱桥作为一种承压体系，承载能力必定会受到稳定性的影响。其中单肋钢拱
桥因横向刚度小、面外刚度远小于其面内刚度，其稳定问题更是突出。本文以单
肋中承式钢拱桥厦门市天圆大桥为工程背景，主要进行了以下工作的研究： 
（1）总结了拱桥屈曲临界荷载的计算方法，并通过算例进行了稳定性计算分
析，总结出实用计算法和有限元计算法各自的优缺点及适用范围。 
（2）通过大型有限元计算软件 ANSYS 对厦门市天圆大桥进行了 14 种荷载工
况下的结构线弹性稳定性分析，并得出拱桥的稳定安全系数和失稳模态，分析不
同的活荷载布置方式对该拱桥稳定性的影响。 
（3）对该拱桥分别进行几何非线性、材料非线性、双重非线性稳定性分析，
得出荷载—位移曲线，通过与线弹性稳定性分析结果对比，讨论了考虑几何非线
性和材料非线性后对稳定计算的影响。 
（4）分析主梁抗弯刚度、拱肋抗弯刚度、吊杆刚度、拱肋截面最优宽高比的
选取、以及拱肋截面壁厚对该拱桥稳定性的影响。 
（5）对拱桥进行不同初始缺陷条件下的几何非线性稳定性分析，并在一个固
定的初始缺陷和不同的材料本构模型及强化准则条件下对拱桥进行双重非线性
稳定性分析。 
 
关键字：荷载组合；非线性稳定性；最优宽高比 
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III 
Abstract 
As a pressure system, the carrying capacity of arch bridge will be affected by the 
stability. The stability problem of steel arch bridge with a single rib is more prominent 
because of its small lateral rigidity. Base on a half-through steel arch bridge with a 
single ribTianyuan Bridge in Xiamen City, the finite element software ANSYS is 
used to analyze the stability of this arch bridge. The specific content of the research 
includes the following five aspects:     
（1）The calculation methods of critical buckling load of arch bridge includes 
practical calculation method and finite element calculation method which were used 
to analyze the stability of a parabola arch with fixed bearing in these paper. The 
advantages and disadvantages and the scope of application of these two types of 
calculation methods were summed up after the comparison of the calculation results.     
（2）Linear elastic stability was analyzed under 14 different load cases, obtaining 
the stability safety factors and instability modes to analyze the effect of different load 
arrangement on the stability of arch bridge. The full bridge uniform live load has the 
greatest effect on the stability of arch bridge, the full bridge partial load has the 
followed effect, and the cross-half partial load has the minimal effect. The effect of 
the wind load with the combination of lane load on the stability of arch bridge is 
almost negligible. The direction of the wind load has almost no effect on the stability 
of arch bridge. 
（3）The geometric nonlinear stability, the material nonlinear stability and the 
double nonlinear stability of this arch bridge were analyzed and the load-displacement 
curve was obtained. Compared with the results of the linear elastic stability analysis, 
the effect of geometric nonlinear factor and material nonlinear factor on stability of 
this arch bridge was analyzed. 
（4）The bending stiffness of main girder, the bending stiffness of arch rib, derrick 
stiffness, selection of optimal width span ratio of the arch rib section, thickness of 
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IV 
arch rib section are considered in the effect on the stability of arch bridge. 
（5）The geometric nonlinear stability of this arch bridge was analyzed under 
different initial defect conditions, and the double nonlinear stability of this arch bridge 
was analyzed under conditions of a fixed initial defect and different material model 
and strengthen guidelines. 
 
Keywords： Load combination；Nonlinear stability；The optimal ratio of width to 
height
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